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QUANTITATIVE ANALYSIS OF NERVOUS TISSUE
INTRODUCTION
That nervous tissue differs in its chemical composition according to
its age is a pretty well established fact. The work undertaken was to investigate
what changes occur in the brains of men under different conditions. The investi-
gations were made with two purposes in view: 1. To determine what chemical changes
occur during growth. The comparisons were to be made on a series of brains rang-
ing from that of a foetus to that of an adult. 2. To determine what chemical
differences there are between normal and pathological brains.
This problem is interesting for several reasons. Embryologically, it
has been discovered that the first tissue to be differentiated from the ectoderm
is the neural canal. It develops from a small layer of cells into the highly
complex organ, the nervous system, which controls all of our voluntary movements.
A study of the chemical changes accompanying these great anatomical and physi-
ological changes is of interest to the medical world.
The stu& y of pathological tissue is important from the stand-point
of the neurologist. If these brains are found to be lacking in certain substan-
ces it is possible that a mal-nutrition or a failure of the proper metabolism
is the cause. A new method of treatment of nervous diseases might be opened up.
Additional facts which may assist in clearing up the working of the
marvelous complex that controls our movements and receives our sensations are
always welcome. Certainly, the thing that men are most interested in is their
own lives and therefore, the mechanism which is the seat of consciousness and
which has control over the body.
REVIEW OF LITERATURE
A. Composition of the brain.

A number of complex chemical compounds are concerned in building up
the complex protoplasm of the cells. Proteins and phosphatids form a combination
which is probably the living matter of each cell. Other substances, such as
organic extractives and inorganic salts, which are found on analysis, are met-
abolic products. Foods carried about in the blood stream are taken up, their
energy utilized, and the waste products eliminated. Analyses find the metabolic
products at different itages, thus accounting for the organic material and the
inorganic salts. The substances present in nervous tissue will be taker: up more
in detail.
Proteins.- Proteins form a large percentage of the solids of the brain.
There is quite a difference of opinion as to thoir chemical nature. Halliburton
divides them into three classes, (a) a-neuroglobulin that possesses the char-
acteristics of the globulins. Proteins analogous to it have been isolated from
all of the tissues of the body. It is just as much a constant constituent of
cells as nucleoprotein is. It is easily salted out of its solution by neutral
sajts; dilute acetic acid doe3 not precipitate it. An analysis shove that it
contains no phosphorus, (b) Nucleoprotein occurs chiefly in the grey matter
due to the larger number of cells. It dissolves readily in dilute alkalies and
dilute salt solutions. It is readily precipitated from its solution by dilute
acetic acid; neutral salts salt it out. On digestion with pepsin in 0.4$ solu-
tion of hydrochloric acid r.uclein is formed. This nuclein on decomposition yields
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purine bases. Lever.e using Halliburton's method finds that this protein possess-
es the properties of a weak acid, and that it is the only nucleoprotein present
in nervous tissue. On decomposition it yields the purine bases adenine and guan-
ine, (c) b-globulin which is precipitated from its solution by saturation with
acetic acid. It possesses the highest coagulation temperature of the three pro-
teins considered. It is similar to the neuroglobulin in that it contains no
phosphorus.
Halliburton has also found that no peptone, proteose or albumin is
I

present in the brain. His nucleoprotein has the power of causing intra-vascular
clotting.
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Mc Gregor in a more recent investigation has shown that Halliburton
did not remove all of the protein by his method of extraction. By a process
that is quite an improvement he is able to separate three proteins which he di-
vides as follows: (a) A protein containing iron and phosphorus which is soluble
in distilled water. It is very unstable and is easily decomposed in the presence
of dilute acids. Evidence points to the fact that the decomposition products
of this protein correspond to the proteins isolated by Halliburton, (b) A pro-
tein containing phosphorus and iron which is soluble in dilute alkalies. It
may be precipitated by dilute acids without decomposition. This substance was
not removed fry Halliburton's method and he failed to discover its presence,
(c) Proteins of supporting tissue which are insoluble in all protein solvents;
they do, however, dissolve in strong acids and alkalies.
Kuhne and Chittenden 5 have done some work with the protein of support-
ing tissue. It is called by them neurokeratin. They have found that it is insol-
uble in all common protein solvents. To prepare it, the lipoids are removed by
alcohol and ether extractions and the protein residue digested with pepsin in
0.4$ solution of hydrochloric acid for several days at 40 C. Nucleins are re-
moved by extraction with dilute alkalies. The residue is practically pure neuro-
j
keratin.
Lipoids.- Lipoids are of an entirely different nature. They form a
group of fat-like substances which are grouped together for convenience.
Cholesterol is a monoatomic, unsaturated, secondary alcohol. One double
bond is present - a vinyl group occurring at one end. The hydroxyl is present
in a hydrogenized ring. Cholesterol is soluble in boiling alcohol, cold ether,
chloroform and benzene. Some investigators have thought that it existed in the
6
free state ani as esters in the brain. Tebb ha3 proved that no esters are present
Cholesterol forms a part of the medullary sheath and also the outer envelope

for cells.
Protagon is a much discussed and investigated lipoid. Thudichum' said
that it is not a unit substance. Other investigators think that it is, while
still others have come to the conclusion, that if it is a single substance, the
combinations are very weak and probably depend upon the solvent and the method
of treatment. Gies^concluded from the fact that he could separate protagon by
treatment with alcohol and ether into fractions whose solubilities in alcohol
and whose content of phosphorus varied, that it is a mixture of phosphatids.
By heating with baryta water protagon is split into a cerebroside, glycero-phos-
phoric acids, fatty acids and choline. Cramer^also believes that protagon is
a mixture. Ey treatment with warm alcohol, he separated substances with varying
compositions, some of which are phosphatids.
Phosphatids.- A phosphatid is a corr lex, fat-like substance; it is
a combination of one or more molecules of phosphoric acid, an alcohol(usual!y
glycerin), one or more fatty a.cid radicals and one or more nitrogen containing
compounds. As a class, they are soluble in at least one of the solvents for
fats. They are precipitated by the inorganic salts platinum chloride or cadmium
chloride or by chloroform in dilute hydrochloric acid solution. Phosphatids
are found in nearly all animal cells. They form a good food and probably play
an important role in growth. They take up poisons readily. Stable combinations
with tetanus and cobra virus form with fatal results. In the case of tetanus,
anti-toxin must be administered before the poison has time to reach the nervous
system or death can not be prevented. Unconsciousness from anaesthetics may be
due to a phosphatid-anaesthetic combination. Chloroform causes a decrease in
the size of colloidal particles of lecithin. This may indicate a chemical union
Strychnine also unites with the unsaturated fatty acids present. The amount of
nitrogen and phosphorus present in phosphatids may vary - as many as three ni-
trogen and two phosphorus atoms may be present in one molecule.
Lecithin is a mono-amino-phosphatid. This formula, although generally
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CH2 - - fatty acid radical. accepted has been proved to
be in-
CH - - fatty acid radical. correct in that another nitrogenous
CH3 base besides choline has been iso-
{- CH3
CH3 lated. It is present in nearly all
f-OH
of the organs. When saponified with
C - H2
- - P'- - CH2 - CHg _ N
baryta water it yields fatty acids (a variable component) glycerophosphoric acids,
choline and other nitrogenous bases and free phosphoric acid. It is soluble in
alcohol, chloroform, carbon disulphide, and benzene. Weak chemical combinations
with proteins and sugars occur preformed in the cells.
Cephalin is another mono-animo-phcsphatid. Thudichum* found that it
yielded neurine, glycero phosphoric acid, stearic acid and cephalic acid on hy-
drolysis. It is strongly unsaturated; keeping in a vacuum is necessary. It takes
up oxygen readily. Only one methyl group is attached to the nitrogen. It differs
from lecithin in that it is insoluble in cold alcohol. No cholin»was found by
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Fraenkel. Recently, it has been shown that the nitrogenous bases are an amino
acid and an amino alcohol.
Other phosphatids which have been isolated from the brain are para-
myelin, myelin, arcidc-myelin, assurin, sahidin and sphingomyelin.
Cerebrosides are found accompanying the growth of the medullary sheaths.
They are absent in animals which are too young to have their nerve fibers medul-
lated. Hydrolysis of all cerebrosides gives galactose. Tetanus and cobra poison
attach themselves to the fatty acids in the molecule. Dependent upon the sugar
molecule present, a purple color forms on treatment with concentrated sulfuric
acid and a positive orcin reaction can be obtained.
Cerebron, C^gHgoNOg, is bound with certain phosphatids in the protagon
mixture. Hydrolysis of cerebron gives cerebronic acid, galactose and a nitrogen
containing base sphinges in.
C48H93
K0
9 -i-
2H
2
0-*C25H 50 3 -r C^HggHO^ CgH^O*.
Some investigators have obtained a cerebroside which they have called phrencsin.

It seems quite likely that it is identical with cerebron. 7
Cerebrin is obtained by extraction of protagon with a suitable solvent.
By hydrolysis 68^ of stearic acid can be recovered. Some investigators have
called it kerasin. It is soluble in hot alcohol, cold benzene and chloroform.
Encephalin, another phosphatid that has been extracted from the brain, is prob-
ably a secondary decomposition product of cerebrin.
Sulphatids: Koch12 isolated a sulphatid for which he gave the formula:
C41H29
K?8
C 52H104tt2ro4
Sulphatids are composed of substances arranged as shown in the accom-
panying formula: Phosphatid - - | - - Cerebroside.
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Their appearance keeps pace with medullation. Levene isolated what
he called a sulphatid. It differs from Koch's in that it contains no phosphorus
but does contain a higher percentage of sulphur.
Extractives: In addition to the lipoids there is a number of more or
less complex organic substances grouped together under the name of extractives.
Some of the most important are creatine, purine bases, inosite, choline, para-
lactic acid and phosphocarnic acid.
Creatine, NH, - C - N - CHP C00H, is, very likely, a step in protein
* id c&3
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metabolism. It seems probable that arginine is metabolized through creatine to
urea, carbon dioxide and water.
Purine bases are derived from the breaking down of nucleic acids.
Guanine and adenine have been isolated; xanthine and hypoxanthine, respectively,
are formed by the action of guanaee and adenase - two deamidizing enzymes. Uric
acid is a purine base which by splitting gives urea, one of the final products
of protein metabolism. A ccnsierabls quantity of uric acid is excreted in the
urine.
Incsite, from the evidence presented, seems to be, not a decomposition

product of carbohydrates, but a substance related tc them which is necessary
for the growth of the cell.
Choline is a decomposition product of phosphatids - particularly leci-
thin. Phosphocarnic acid is closely related to the nucleins. Paralactic acid
is formed by the incomplete metabolism of both carbohydrates and proteins. If
occurs more abundantly when there is an insufficient supply of oxygen.
Inorganic salts.- Inorganic salts consist of chlorides, phosphates,
sulphates and carbonates of iron, calcium, magnesium, potassium and sodium.
B. Chemical analyses.
The chemical composition of the brain has been investigated by several
14
men. One of the earliest analyses was made by Petrowsky . He used an ox-brain,
upon which he made a comparative study of the gray and white matter.
Gray matter White matter
Moist sample 100 grams IOC grams
Water 81.60$ 68.35$
Solids 18,40 31.65
Dry sample 100.0 grams 100.0 grams
Proteins 55, 3 7 fi 24.72;.'
Le cithin 17.24 9.9
Cholesterol and fats 18.68 51.91
Cerebrin 0.53 9.45
Insol. in anhyd. ether 6.72 3.35
Salts 1.46 0.57
This was an important research in the right direction. Extractions
were made with ether and alcohol; the residue consisted of protein plus the
supporting structure. Organic extractives and sulphatids were entirely neglect-
ed. Values for inorganic salts are very low. The method used was not accurate
and was valuable only as a beginning.
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Baumstark was the next investigator to make an analysis of the brain.

By "use of a very complicated and labourious method, he succeeded in extracting *
a larger percentage of protein than Halliburton could obtain. A water extraction
of the tissue was mad© first; then the material was treated with ether and al-
cohol. Finally, an insoluble residue was left. The water extraction removes
salts, proteins and extractives. This fraction is larger from the grey than from
the white matter. His results are similar to those obtained by Petrowsky. This
method of analysis is very laborious and slow. Pure products are not dealt with,
nor are definite components analysed.
Thudichum»s 16work is an excellent study of the lipoids. He was a very
painstaking worker and performed his work thoroughly. Later scientists have
lately disproved seme of his results. That does not detract from their value,
as he was practically a pioneer in this field. His method of separating the
lipoids by their varying solubilities and by the solubilities of their combi-
nations with inorganic salts seems to be very good . In order to purify these
substances an enormous amount of work would be necessary. A great deal of tir
is required for an analysis by Thud i chum's method.
Right left cere- mid-brain white grey
hemis- hemis- bellum and me- matter matter
phere phere dulla
Wt. of sample 465 463 124 33 66 46
Neur op las tin 33.68 35.06 10.94 2.48 5.70 3.50
Cephalin 3.34 1.29 0.45 0.06 0.15
Myelin 5.22 5.20 3.76 0.23 0.16 0.02
Lecithin 5.9C 2.97 C.41 0.48 0.73
Cholesterol 8.93 6,99 1.95 1.01 2.15 0.90
Inos ite 0.43 0.38 0.05 0.06 0.14 0.69
Lactic acid 0.64 1.00 0.13 0.07 0.05 0.04
Purine bases 1.30 1.C6 0.67 0,10
Extractives 2.63 2.78 1.49 0.73 0.44 0.31
Potassium 0.25 0.39 0.01 0.01 0.03 0.01
Sodium 0.40 0.39 0.02 0.03 0.04 0.09

All the samples of the table just quoted were taken froni the same 10
"brain. Figures are weights in grams.
The real quantitative method for the analysis of human brains is that
elaborated by Waldemar Koch . It is a very accurate separation of proteins and
lipoids which can then be weighed. Estimations are made upon these two fractions
and more data accumulated. One of Koch's first analyses was made upon the brain
of an epileptic. He also made a comparative study of the corpus callosum and
cortex.
Corpus cal. Cortex
Water 67.97 84.15
Simple proteins 3.2 5.0
Nuclecprotein 3.7 3.0
Neurokeratin 2.7 0.4
Extractives 1.51 1.58
Inorganic salts 0.82 0.87
Lecithins 5.19 3.14
Cephalin and myelin 3.49 0.74
Amidc-le cithans trace trace
Phrencsin and kerasin 4.57 1.55
Cerebrin acids trace trace
Cholesterol 4,86 0.7
Sulphur compound 1.40 1.45
The above table indicates a chemical difference between the grey and
white matter of a brain. This shows a varying composition of the cells and the
medullated nerve fibers.
From her investigations upon young rat's and foetal pig's brains, M.
Koch has concluded that the nervous systems of animals are very sirrilar at
equivalent fractions of their periods of growth. Evidence, in support of this,
is that rat and pig brains possess a similar composition at the time when each
gains motor control.

From analyses made cn human trains of different ages - six weeks,, two years
and nineteen years - W. Koch concludes that as the animal grows older water,
proteins, extractives and salts diminish and that cholesterol, sulphatids and
cerebr osides increase. These substances increase parallel with the laying down
of the myelin sheaths of the fibers. Analyses made on brains of albino rats of
different ages support the conclusions drawn by TC.Koch.
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Donaldson has also collected some interesting data cn the changes
that occur in the brain during growth. The weight of the brain increases up un-
til the seventh year. From then on, it may become a little heavier or a little
lighter from year to year up to the age of fifty. Then a gradual decrease sets
in. The brains of females behave in the same way as those of males except that
they are lighter after the first year.
Summing up the early work done on the quantitative analysis of the
brain, it may be said that the methods of the earlier investigators were not
accurate enough for thorough studies. Koch devised a simple accurate method
which is capable of good results. It has been used successfully by two or three
people since his first analyses were made. Results of the analyses which are
to be discussed in this paper were obtained by Koch's method. A brief descrip-
tion of the procedure may well be taken up here.
METHOD OF ANALYSIS
Fresh nervous tissue is freed from blood and pia mater. It is ground
up in a nortar and weighed samples are preserved in 85$ alcohol (allowance must
be made for the water present in the cells). After sufficient time has elapsed
for complete coagulation of the proteins, extractions are carried on in a special
form of apparatus which consists of a reflux condenser and flask. The material
is held in a perforated porcelain cup; it is extracted with hot alcohol and ether.
Two fractions are thus obtainable - an alcohol soluble portion F]_ + 2>
and an alcohol insoluble portion, F3_j_ 4 . Prote ins., extractives, and inorganic
salts fall in the latter class.

Alcohol soluble fraction F^g'- - The 13 P oids are precipitated from
a watery emulsion by chloroform in a dilute hydrochloric acid solution. Remain
ing in solution is ? smal] amount of inorganic salts and extractives. They are
determined by evaporating; a aliquot portion to dryness and weighing. Incinsra-
ticn leaves only the inorganic salts. Inorganic sulphates and phosphates ard
also the organic sulphur and phosphorus of this fraction are estimated. Choles
terol n:ay be determined by precipitation with digitcnin.
Of the lipoids, phosphatids are determined by a quantitative estima-
tion of phosphorus; sulphatids by a sulphur determination; and cerebrosides by
the quantity of Fehlir.g's solution that a hydrolyzed aliquot portion of the
lipoids will reduce.
Alcohol insoluble fraction, Fo-j-4. Inorganic salts and extractives
are removed from F3+ 4 by repeated cold water extractions. The former are free
from organic matter by treatment with absolute alcohol. Inorganic and organic
sulphur ard phosphorus are determined. A phosphorus determination is made upon
the residue from the water extractions. By Levene's factor, the amount of nu-
clecprotein is calculated, neurokeratin and globulins are found by difference.
RESULTS OF ANALYSES
A. Sheep's brains.
As a preparatory study, analyses were made upon the brains of lambs
seven months of age. The tissue was prepared in the usual way and analyzed ac-
cording to the method just described,
Corp. cal.
Weight of moist sample 19.47
Solids in per cent 28.27
Water in per cent 71.73
Constituents in per cent of total solids.
Corp . cal
Proteins 29.56
Cerebrum No.l
60.58
23.10
76.90
Cerebrum No.
2
28.27
22.39
77.61
Cerebrum No. 1
39.37
Cerebrum No. 2
37.25
I
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Corp. cal. Cerebrurr No. 1 Cerebrum; ITo. 2
Total phosphatids 8.61 7.05 7.19
Free phosphatids 3.27 3.54 2.81
Cerebrcsides 1C.01 5.45 3.27
Sulphatids 10.42 6.86 8.57
Organic extractives
12.96 17.24 11.25
Inorganic salts
The results tabulated above correspond with what one night expect
from a microscopical study of the brain. Few cells will be seen in the corpus
call csuir.j but they are abundant in the cerebral hemispheres. This accounts for
the difference in percentage of protein in the two regions of the brain. Cells
are always accompanied by nuclei and, therefore, mucleoprctein. The white shiny
appearance of the corpus callosuir. is due to medullated fibers. The medullary
material consists mainly of lipoids, as is indicated in the table by the per-
centages in each division of the brain. Sulphatids and cerebrosides increase
in amount during growth parallel with the formation of medullary sheaths. The
figures of the table substantiate the fact that these tv/c lipoids occur in larg-
est quantities along with medullated axons. The determination of free phospha-
tids points to the fact that they are equally distributed in axons and cell
bodies. Organic extractives and inorganic salts are a rough index of metabolic
activity. The figures for these two fractions do not agree for the two cerebrums,
The larger r ;?sult is the one expected - that is, more metabolism is associated
with the cells than with the axons.
E. Human brains.
The study of human brains was next taken up. Analyses were run upon
a two year old and a thirty-five year old brain and also upon two pathological
brains which were about thirty-five years old.
Normal human brains:- The first set of data is a comparison between
the cerebrum of a young and a fully matured brain.

2 year old 35 year old
Weight of moist sample 44.30 49. 4C
Solids in per cent 14.19 27.14
Water in per cent 35.81 72.86
Constituents in per cent of solids.
Proteins 42.91 33.10
Total phosphatids 22.82 28.14
Free phosphatids 20.80 25.18
Cerebrosides 2.92 7.72
Sulphatids 4.37 6,20
Inorganic salts
21.98 11.10
Organic extractives
A careful study of the table will show that there are several changes
accompanying growth. As the brain "becomes older , the content cf water decreases
and an ir crease of solids keeps pace with it. During this process, there is a
very active metabolism as is indicated by the amounts of inorganic salts and
organic extractives present. These two classes of matter are realMy the products
derived from an oxidation and a splitting of foods in the cells. During growth
more food relatively speaking is necessary.
The two year old brain was still so young that the corpus callosum
was not distinctly white. This indicates that all cf the nerve fibers were not
medullated yet,- hence the lower percentage of sulphatids in the younger brain.
That the formation of cerebrosides is in some way connected With growth may be
seen from the table. They, too, are probably formed as the medullary sheaths
are laid down; therefore, a greater proportional amount is found in the older
brain.
Owing to the great importance of the phosphorus containing compounds
(phosphatids and nucleopr otein) present in the nervous system, a study was made
of the distribution of phosphorus in the two brains.
»
2 year old 35 year old
Total phosphorus in mgs. 102.595 19C.261
Distribution of phosphorus in per cent cf total phosphorus.
2 year old 35 year old
Lipoid phosphorus 54.24 76.96
Protein phosphorus 3.38 3.78
Water soluble phosphorus 42.38 19.26
A comparison of the figures shows that the phosphatids increase with
increasing age. The large percent cf water soluble phosphorus in the growing
brain indicates a very active metabolism. The cider brain is less active as re-
gards growth and less food is necessary.
Sulphur was studied for reasons similar to those for estirrating phos-
phorus. It is present in one class of lipoids which are associated with growth,
in protein, and in inorganic and organic combinations. The last group nar/.ed is
largely made up cf oxidation products which are formed during metabolism. Or-
ganic sulphyur occurs as taurine or as products of the decomposition of protein.
2 year old 35 year old
Total sulphur in mgs. 48.783 51.615
Distribution of sulphur in per cent of total sulphur.
2 year old 35 year old
Lipoid sulphur 9.21 31.77
Inorganic sulphur 11.06 8.33
Neutral sulphur 16.83 22.22
Protein sulphur 62.90 37.21
This table indicates the small quantity of sulphatids present in the
young brain. The high per cent cf protein sulphur leads to the idea that the
supporting tissue, consisting chiefly of neurokeratin, Ihas been deposited at an
early age. As the absolute amount of lipoid sulphur increases due to the forma-
tion of sulphatids, the percentage of protein sulphur decreases.
Conclusions:'- From the analyses of atwo year old and a thirty - five year
j
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old "brain we may conclude:-
1. That sulphatids and cerebrosides increase as the brain becomes older.
2. That the relative quantity of protein decreases with increasing age.
3. That cells are rore active in the young brain and, therefore, that they
eliminate r.:ore metabolic products than the cells of older brains.
Normal and pathological human brains :-
A comparison of normal and pathological brains was next undertaken.
The three brains used were practically of the same age. Death in the case of
brain number two occurred from general paralysis; the patient whose brain is
recorded as number three suffered from organic brain disease, probably bulbar
paralysis. Sample number one is normal tissue.
Weight cf moist sample in grams
Solids in per cent
Water in per cent
Constituents in per cent of solids.
Proteins
Total phosphatids
Free phosphatids
Cerebrosides
Sulphatids
Inorganic salts
Organic extractives
First, a comparison of the total solids present in the three brains
shows that a lower relative amount is present in the pathological samples. It is
difficult to account for this but it might be explained on the assumption that
the cells are not capable of carrying on metabolism properly. An oxidation of
the constituents of the cell itself occurs. This improperly adjusted metabolism
might be responsible for the pathological condition. The high content of protein
may bo linked to this hypothesis. It is known that carbohydrates and fats are
1 2 3
49.40 78.87 67.65
27.14 23,50 21.74
72.86 76.50 78.26
33.10 37.49 35.85
28.14 22.84 24.32
25.18 20,62 24.32
7.72 2,25 C.37
6.20 4.23 3.36
11.10 14.77 13.98

more readily oxidized than tissue proteins. These substances r,.ay have been used
up and the phosphatids attacked but the proteins of the cells remain intact.
Another possible explanation is that the pathological tissue has de-
generated backwards by the same path along which the mormal tissue was formed.
The compounds which were last to af.pear have disappeared first. This idea, al-
though hardly probable has evidence supporting it, in that, the quantities of
cerebrosides and sulphatids in the pathological brains corrpare more favorably
with the amount in the two year old than in the thirty- five year old brain.
I'edullation occurs at about the sane time that the amimal gains motor control.
Paralytics have lost motor control; perhaps the medullary sheath partially breaks
up at the same time. This might cause the loss in percentage of lipoids'.
Still another idea that presents itself upon careful thought, is
that the pathological condition of the brain is of long standing. It is only in
later years that the symptoms become more pronounced and that paralysis sets in.
The peculiar condition which is present very early in life (but not manifested)
may prevent the formation of cerebrosides and sulphatids, or their formation
may not advance past a certain stage. Growth of the brain may remain stationary
along certain lines.
None of these ideas have sufficient evidence to support them. They
are merely theories and more investigations are necessary before any of them
can be accepted.
Reasons have already been stated for a tabulation of the distribution
of phosphorus. 12 3
Total phosphorus in mgs. 190.26 28C.866 221.893
Phosphorus in per cent of total phosphorus.
Lipoid phosphorus 76.96 58.60 62.57
Water soluble phosphorus 19.26 37.63 34.28
Protein phosphorus 3.78 4.02 3.28

These results only show that the lipoid phosphorus is less and the
water soluble phosphorus more in pathological than in normal nervous tissue.
This might mean that the phosphatide are decomposing or that a greater than
normal metabolism of phosphorus containing compounds is taking place.
Results upon the distribution of sulphur shows that the sulphatids are
present in very small quantities. Lipoid sulphur is less and protein sulphur
more, both relatively and absolutely.
x 1
Total sulphur in nags. 51.615
Sulphur in per cent of total sulphur
Lipoid sulphur 31.77
Inorganic sulphur 8.33
Neutral sulphur 22.22
Protein sulphur 37.21
A glance at the figures for neutral and protein sulphur inclines one
to believe that protein metabolism is less in pathological than in normal tissue.
No definite statements can be made concerning the differences between pathologi-
cal and normal brain material. The results of analyses may be summarized as
follows:
C. Summary.
1. Investigation on normal brains.
(a) With increasing age, the quantity of water, proteins,
inorganic salts and organic extractives decrease.
(b) As medullation occurs the percentage of sulphatids
and cerebrosides increases.
(c) Phosphatids increase slowly with increasing age.
(d) As the brain grows older the per cent of total solids
increases.
2. Investigation on pathological brains.
2
90.879
3
72.05
17.25
6.48
15.16
61.11
13.72
6.03
14.65
65.26

(a) The quantity of solids, phosphatide, sulphatids and
cerebrosides is less in pathological than in normal brains of the same age.
(b) The amount of proteins, inorganic salts and organic ex-
tractives is larger in pathological than in normal brains.
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